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Characterization of a high-virulence US isolate of porcine reproductive and respiratory syndrome virus in a continuous cell line, ATCC CRL1 1 1 71
Xiang-Jin Meng, Prem S . Paul, Patrick G. Halbur, Melissa A. Lum A mystery swine disease characterized by reproductive failure and respiratory disease was first reported in the United S tates in 1 987. 1 0 A similar disease appeared in Europe in 1 990. 21 ,27 This disease has been referred to as swine infertility and respiratory syndrome, porcine epidemic abortion and respiratory syndrome, blue ear disease, and porcine reproductive and respiratory syndrome (PRRS ) . 2 ,4,1 0,1 2 ,2 1 ,2 7 The causative agent of the disease, the porcine reproductive and respiratory syndrome virus (PRRS V), was first isolated in Europe using primary swine alveolar macrophage (SAM) cultures and was designated Lelystad virus (LV). 2 7 The first US PRRS V, ATCC VR-2 3 3 2 , was isolated using a proprietary continuous cell line ATCC CL2 62 1 . 2, 4 Both LV and VR-2332 produced reproductive failure and interstitial pneumonia in experimentally infected pigs. 3 ,2 4,2 5 PRRS V is an enveloped, nonhemagglutinating RNA virus approximately 62 nm in diameter with a buoyant density for VR-2 3 3 2 of 1 .1 8-1 .1 9 g/ml in cesium chloride gradient. 2 The viral genome is a positive-strand RNA about 1 5 kb in size and contains 8 open reading frames (ORFS ) . 5,1 3,1 7 The genome organization of both US and European PRRSV is similar to that of lactate dehydrogenase-elevating virus, equine arteritis virus, and simian hemorrhagic fever virus, members of the recently proposed family Arteriviridae. 5,1 3 ,1 7,2 2 However, antigenic, genetic, and pathogenic variations have been reported between US and European isolates and among US isolates. 6-9,1 3-1 6,1 9,2 0,2 6 B oth US and European PRRS V replicate well in S AM cultures. 1 ,2 7 However, the difficulties in obtaining S AM and the high cost of pigs used for pulmonary lavage have limited the use of S AM. A proprietary cell line, ATCC CL2 62 1 , a was reported to support virus replication. 2 ,4 However, differences in the susceptibility of CL2 62 1 to different isolates of PRRS V were also reported; not all virus growing on S AM replicated on CL2 62 1 . 1 More recently, the MARC-1 45 cell line was shown to support the replication of 1 1 different PRRS V isolates. 1 1 However, only limited information is available for the application of MARC-1 45 in research and diagnosis. In this study, we characterize a high-virulence US PRRS V isolate, ATCC VR-2 3 85, 8, 9 in a continuous cell line, ATCC CRL1 1 1 71 . b A 4-week old pig exhibiting respiratory distress was ob-appropriate media with 2 % FB S and 1 x antibiotics (Table tained from a herd that experienced reproductive failure and 1 ). The inoculated cells were monitored daily for cytopathic persistent severe pneumonia in neonatal and nursery pigs. effect (CPE). If CPE was not observed within 7 days, the The pig, designated IS U-1 2 , was necropsied, and the lung cultures were frozen and thawed and blindly passed 3 times. and heart were collected under sterile conditions. The IS U-The cultures were then examined by an indirect immunoflu-1 2 pig lung was homogenized (1 0% w/v) in Dulbecco s minorescence assay (IFA) using convalescent antiserum from a imal essential medium (DMEM) and clarified at 2 ,000 x g pig experimentally inoculated with the IS U-1 2 pig lung filat 4 C for 1 5 minutes. The supernatant was filtered through trates. [6] [7] [8] [9] Of 2 4 cell lines or primary cells tested (Table 1 ) , a series of filters, with final filtration through 0.2 2 -m mem-evidence for virus replication was only found in S AM and brane, and used as inoculum. Fifteen other inocula from CRL1 1 1 71 cell cultures. A virus, ATCC VR-2 385, was isodifferent sources 8, 9 were prepared in the same way and used lated in CRL1 1 1 71 cells and S AM cultures from the lung for virus isolation. These 1 5 filtrates were from pigs from homogenate of the IS U-1 2 pig. PRRS V isolations were also selected herds that differed in size, production style, age of made in CRL1 1 1 71 cells inoculated with tissue filtrates from diseased pigs, and severity of disease. 8, 9 Primary SAM cul-the other 1 5 field cases. Eight of these isolates (VR-2 43 1 , tures prepared from 3-5-week-old specific-pathogen-free pigs, IS U-984, IS U-2 2 , IS U-2 8, IS U-79, IS U-1 894, IS U-55, IS Ua continuous cell line, ATCC CRL1 1 1 71 , b,c and 2 2 other 51 ) have since been shown to differ in severity of clinical additional cell lines or primary cell cultures from various respiratory disease, gross lesions, and microscopic lesions species of animals and different tissues of origin (Table 1 ) induced in experimentally infected pigs. 8, 9 Attempts to isolate were used for virus isolation from these filtrates. The ATCC swine influenza virus, swine encephalomyocarditis virus, CRL1 1 1 71 cells and SAM cells were grown in DMEM sup-swine transmissible gastroenteritis virus, porcine adenovirus, plemented with 1 0% fetal bovine serum (FBS ) and 1 x an-hemagglutinating encephalomyelitis virus, pseudorabies vitibiotics (1 0,000 units/ml penicillin G, 1 0,000 mg/ml strep-rus, and porcine parvovirus failed (data not shown). tomycin, 2 5 mg/ml amphotericin B ). Other primary and con-The VR-2 3 85 isolate is the most virulent in our collection tinuous cells were maintained in appropriate media (Table to date. VR-2 3 85-induced pneumonia is characterized by 1 ) with 1 0% FBS and 1 x antibiotics. marked type II pneumocyte hypertrophy and hyperplasia, The IS U-1 2 pig lung filtrates and tissue filtrates from 1 5 septal infiltration with mononuclear cells, and the presence other field cases were inoculated onto confluent monolayers of abundant necrotic and mixed inflammatory exudate in of 2 4 different primary and continuous cells including alveolar spaces. Lymphadenopathy characterized by marked CRL1 1 71 and S AM. The cultures were then maintained in follicular hyperplasia and focal follicular necrosis is also char- acteristic of VR-2 3 85 infection. Moderate nonsuppurative encephalitis, myocarditis, and rhinitis are also commonly reproduced in pigs experimentally infected with VR-2 3 85. 7-9 Therefore, it was of interest to further characterize this highly virulent isolate of PRRS V. The VR-2 3 85 isolate was biologically cloned by 3 rounds of plaque purification in CRL1 1 1 71 cells before further virus characterization. The VR-2 3 85 virus was sensitive to chloroform (data not shown). Hemagglutinating activity for erythrocytes from a human with blood type O, chicken, guinea pig, rat, sheep, horse, cattle, and pig was not detected (data not shown). The buoyant density of VR-2 3 85 virus was 1 .1 5-1 .1 8 g/ml as determined by centrifugation of the virus on cesium chloride gradient. 1 3 The infectivity titer of this fraction was 1 0 6 TCID 50 / ml. CRL1 1 1 71 cells and SAM cultures infected with the lung filtrate of the naturally infected IS U-1 2 pig were monitored daily for 7 days for CPE. No CPE was observed in mockinfected CRL1 1 1 71 cells ( Fig. 1 A) . The CPE in CRL1 1 1 71 cells infected with the lung filtrate of the IS U-1 2 pig started at about 2 days postinfection and was characterized by degeneration, cell rounding, and clumping of cells ( Fig. 1 B ) . At 3 days postinfection, the number of rounded cell clumps increased, and some of the clumps fused. Many rounded cells detached from the cell monolayer, leading to the disintegra-tion of the monolayer. After 4-5 days postinfection, the CPE became very extensive and usually involved over 90% of the monolayer. The VR-2 3 85 virus replicated to a high titer in CRL1 1 1 71 cells, reaching about 1 0 6 TCID 50 /ml at the 3 rd passage and 1 0 8 TCID 50 /ml at the 1 1 th cell culture passage. No CPE was observed in mock-infected S AM cultures (Fig.  1 C) . The CPE in S AM cultures infected with the lung filtrate of the ISU-1 2 pig began at 2 4-3 6 hours postinfection and was characterized by clumping of the macrophages and cell lysis (Fig. 1 D) . The titer of VR-2 3 85 virus in S AM cultures at 3 rd passage was 1 04-1 05 TCID 50 /ml. Viral antigens were detected by an IFA in the cytoplasm of VR-2 3 85 virus-infected SAM cultures using convalescent serum from gnotobiotic pigs experimentally inoculated with lung filtrate of the IS U-1 2 pig (data not shown). Viral antigens were also detected in the cytoplasm of infected CRL1 1 1 71 cells with convalescent serum from gnotobiotic pigs (Fig. 2 A) . Monoclonal antibody S DOW-1 7 to PRRS V isolate VR-2 3 3 2 d and anti-VR-2 3 3 2 polyclonal serum e reacted with VR-2 3 85 virus-infected CRL1 1 1 71 cells, as indicated by bright cytoplasmic fluorescence (Fig. 2 B , 2 C) , but did not react with uninfected CRL1 1 1 71 cells (Fig. 2D) .
To determine the growth curve of VR-2 3 85 virus, confluent monolayers of CRL1 1 1 71 cells growing in 25-cm 2 flasks were infected with the 3rd passage of VR-2 385 virus at a multiplicity of infection (m.o.i.) of 1 . After 1 hour of absorption, the unabsorbed virus was washed out with 1 x phosphate buffered saline (PBS ), and the cells were supplied with fresh DMEM containing 2 % FB S and 1 x antibiotics. The infected cells were frozen at 1 2 , 1 8, 2 4, 3 6, 48, 60, 72 , 84, 96 , and 1 2 0 hours postinfection. The virus stocks frozen at different times were serially diluted 1 0-fold. Ten percent of each dilution was used to infect 1 well of the CRL1 1 1 71 cells seeded in Lab-Tek chambers in quadruplicate. Virus infectivity titers (TCID 50 /ml) at different times were determined by IFA using VR-2 3 85 virus convalescent serum, anti-VR-2 3 3 2 polyclonal serum, and monoclonal antibody SDOW-1 7. Uninfected CRL1 1 1 71 cells were used as controls. Viral antigens were detected by IFA as early as 8 hours postinfection (data not shown). Virus infectivity titer increased from 1 2 to 48 hours and reached the peak titer of 1 0 6 TCID 50 /ml at 48 hours postinfection at the 3 rd passage. The peak infectivity titer was maintained until 60 hours postinfection then decreased dramatically (Fig. 3 ) . The infectivity titer was only 1 0 3 TCID 50 /ml after 72 hours postinfection.
The protein profile of VR-2 3 85 was analyzed by radioimmunoprecipitation assay using CRL1 1 1 71 cells infected with VR-2385 virus and mock-infected CRL1 1 1 71 cells labeled with 35 S -methionine/cysteine. f Three-day-old CRL1 1 1 71 cells growing in 2 5-cm 2 flasks were infected with VR-2 3 85 virus at an m.o.i. of 0.1 . At 24 hours postinfection, the medium was replaced with methionine/cysteine-deficient DMEM, and the cultures were incubated at 3 7 C for 1 hour. The medium was then replaced with fresh methionine/cysteine-deficient DMEM with 1 00 Ci/ml of the 3 5 S -methionine/cysteine. Five hours after addition of 3 5 S -methionine/cysteine, the cells were washed 3 times with cold PB S (pH 7.2 ) and then scraped from the flasks and pelleted by centrifugation at 1 ,000 x g for 1 0 minutes. The cell pellets containing labeled viral proteins and the mock-infected cell pellets were then disrupted with lysis buffer consisting of 50 mM Tris HC1 (pH 7.4) , 50 mM NaCl, 5 mM ethylenediaminetetraacetic acid, 1 % Triton X-1 00, and 1 mM phenylmethylsulfonyl fluoride. The cellular residues were clarified by centrifugation at 3 ,000 x g for 2 0 minutes. The lysates were then incubated with VR-2 3 85 convalescent serum and anti-VR-2 3 3 2 serum preabsorbed with uninfected CRL1 1 1 71 cell lysates at 4 C overnight. Immune complexes were collected by the addition of sepharose-protein A beads g for 2 hours at room temperature. The sepharose-protein A beads and immune complexes mixture was then washed 3 times with lysis buffer and 3 times with distilled water, resuspended in 50 l sample buffer consisting of 0.1 2 5 M Tris HC1 (pH 6.8), 4% sodium dodecyl sulfate (S DS ), 2 0% glycerol, and 1 0% 2 -mercaptoethanol, and run on a 1 0% S DS -polyacrylamide gel along with a standard 3 5 S -labeled protein molecular marker. f The high-molecularweight bands present in infected cells above the 43 -kD protein are likely protein dimer or trimer or undenatured membrane-associated proteins (Fig. 4) . B oth VR-2 3 85 convalescent serum and anti-VR-2 3 3 2 sera recognized at least 4 polypeptides with molecular masses of approximately 1 5, 1 9, 3 1 -3 3 (3 2 ) , and 42 -44 (43 ) kD, respectively (Fig. 4) . The predominant protein was 1 5 kD. However, the sizes of these proteins are slightly different from those of other isolates of PRRS V. 1 8,2 0 The number of the glycosylation sites in a protein may affect the molecular mass of the protein shown in the gel. There was 1 potential N-glycosylation site in the product of ORF 6 of VR-2 3 85 but 2 in that of LV. 1 3 There was also difference in the number of glycosylation sites for ORF 7; that for VR-2 3 85 had 2 sites and that for LV had only 1 site. 1 3 However, no apparent variation in the number of the glycosylation sites was seen among VR-2 3 85 and 6 other US isolates (unpublished observation). ORFs 4 and 5 of all the US isolates reported thus far are separated by a 1 5nucleotide noncoding region, 1 5,1 9 whereas ORFs 4 and 5 of Figure 5 . Electron micrograph of virus particles. Enveloped, mostly spherical virus particles, ranging from 50 to 70 nm in diameter, were observed. Bar = 1 00 nm CRL1 1 1 71 cells. the European PRRS V overlapped by 1 base pair. 5,1 7 The For electron microscopy, CRL1 1 1 71 cells were infected significance of these variations is not known. The slight size with VR-2 385 virus at an m.o.i. of 0.1 . At 2 4 hours postdifference may have resulted from the methods of evaluating infection, the infected cells were fixed with 3 % glutaraldehyde these proteins. Western blot instead of radioimmunoprecip-(pH 7.2 ) at 4 C for 2 hours. The cells were then scraped from itation was used in most other studies. 1 8,2 0 the flask and pelleted by centrifugation at 1 ,000 x g for 1 0 Figure 4 . Radioimmunoprecipitation of viral polypeptides in VR-2385 virus-infected CRL1 1 1 71 cells. Mock-infected CRL1 1 1 71 cell lysates were immunoprecipitated with VR-2385 convalescent serum (lane 1 ) and anti-VR-2332 serum (lane 2 ). VR-2 385-infected CRL1 1 1 71 cell lysates were immunoprecipitated with VR- 2 3 85 convalescent serum (lane 3 ) and anti-VR-2 3 3 2 serum (lane 4) . At least 4 polypeptides were recognized in VR-2385-infected CRL1 1 1 71 cells (arrows). Protein molecular marker is indicated. minutes. The cell pellets were embedded in plastic, thin sectioned, stained, and examined with a transmission electron microscope. For immunogold electron microscopy, the culture supernatant of VR-2 3 85 virus-infected cells was collected and incubated with VR-2 3 85 convalescent serum at a final dilution of 1 :1 00. The incubation was carried out at 4 C overnight with slow rotating. The antibody-captured virus particles in the supernatant were pelleted by centrifugation at 3 0,000 rpm (S W41 rotor) for 2 hours at 4 C. The virus pellets were resuspended in 0.5 ml of 1 x cold PB S and incubated with gold (5-nm particles)-labeled protein G at 4 C overnight with slow rotating. The gold-labeled virus particles were pelleted by centrifugation then washed 4 times with 1 x cold PBS and sprayed on grids. Electron microscopic examination revealed typical virus particles in cytoplasmic vesicles of the VR-2385 virus-infected CRL1 1 1 71 cells (Fig.  5A) . The virus envelope structure could be seen under higher magnification. These particles were not detected in uninfected CRL1 1 1 71 cells. Also, numerous virus particles were seen in the supernatant of VR-2385 virus-infected CRL1 1 1 71 cells by the immunogold labeling technique (Fig. 5B ) . The virus particles were surrounded by gold particles. No virus particles were detected in the supernatant of mock-infected CRL1 1 1 71 cells (data not shown). The virus particles were pleomorphic but mostly spherical, ranging from 50 to 70 nm in diameter (Fig. 5) .
. A. Cytoplasm vesicle of the VR-2385 virus-infected CRL1 1 1 71 cells. B. Immunogold labeling of virus particles in the supernatant of VR-2385 virus-infected
PRRS V has been previously reported to replicate in S AM cultures and 2 continuous cell lines, CL 2 62 1 and 4, 1 1 , 2 7 In this study, we propagated PRRS V in S AM cultures and the ATCC CRL1 1 1 71 cell line. The VR-2 385 virus replicated to higher titer in CRL1 1 1 71 cells (1 0 8 TCID 50 /ml) than in S AM (1 0 4 -1 0 5 TCID 50 /ml). PRRS V was isolated in CRL1 1 1 71 cells from all 1 5 different field cases tested. 8, 9 Furthermore, the CRL1 1 1 71 cell line has been successfully used for propagation of PRRS V for a number of in vivo and in vitro studies. 6-9,1 3 -1 6,1 9 The results from this study indicate that the CRL1 1 1 71 cells will be a useful in PRRSV research and diagnosis. The swine testis (ST) cells have also supported PRRS V replication.
2 3 However, in this study we did not find any evidence for viral replication in S T cells inoculated with the high virulence VR-2 3 85 virus.
The unique, highly virulent VR-2 3 85 virus can be easily propagated to high titer in CRL1 1 1 71 cells. Extensive sequence variation has been found between VR-2 3 85 and the European LV, with only about 60% sequence homology in ORFs 2 -7 between VR-2 3 85 and European LV. 1 3-1 5,1 9 Variations in nucleotide sequences and subgenomic mRNAs between VR-2 385 and other US PRRSV isolates have also been found. 
